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RESEARCHMEMORANDUM

EFFWCTOFTRAILING-EDGETHICKNESS

AT SUPERSONICVELOCITIES

By DeanR. ChapmanandRobertH.

SUMMARY

ONLIFT

Kester
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Measurementsofliftweremadeonvariousrectangular-plan-form
wingsdifferingintrailing-edgethickness,profileshape,maximum

? thicknessratio,andaspectratio.The”experimentswereconductedat
Machnumbersbetween1.7and3.1,atReynoldsnunibersbetween0.55
and2.2million,audonwingswithandwithoutboundary-layertrips.~ Themeasurementsarecomparedto theoreticalcalculationsbasedonboth
second-orderandshock-expansiontheory.Calculatedresultsusing
shock-expansiontheoryarepresentedforMachntiersbetween1.5and10.

Inallcasestheexperimentalvaluesof lift-curveslopeforwings
havinga blunttrailingedgewerehigherthanthoseforwingsof equal
thicknessratiohavingE sharptrailingedge,withthedifferencein -.

mostcasesvaryingfroma fewpercentto aboutl’jpercent,depending
primarilyontrailing-edgethickness.Theagreementbetweentheoretical
calculationsandexperimentwasreasofiblygood. Thecalculationsfor
5-percent-thickairfoilsat ~“angleofattackintheMachnumberrange
between7 andinfinityindicatebetweenabout15-and25-percent-higher
liftforfull-bluntairfoilsthanforsharp-trailing-edgeairfoils.

INTRODUCTION

Theuseof airfoilswithappreciabletrailing-edgethiclmesshas
receivedlittleattentionpriorto thelastfewyearspresumablybecause
ofthehighdragassociatedwitha blunttrailingedgeat lowspeeds.
Recentlytheaerodynamiccharacteristicsofblunt-trailing-edgeairfoils
athighvelocitieshavebeeninvestigatedconsiderablyboththrough
e~erimentsandtheoreticalanalyses.Suchinvestigationshavebeen

-1 conductedpartlybecauseoftheevidentstructuraladvantagesof employ-
inga moderatelythicktrailingedge,andalsopartlybecauseof several
aerodynamicadvantagesthatexistundersomeconditions.Someofthese

e
k
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aerodynamicadvantagesobservedfrumexperimentsare:
*

an *rovementin —
certainliftandcontrolcharacteristicsat transonicvelocities,a .
reductioninprofiledragatmoderateandhighsupersonicvelocities,

—-
.

andan increaseinlift-curveslopeat supersonicvelocities.The
presentinvestigationis concernedsolelywiththeliftcharacteristics —
ofblunt-trailing-edgewingsin supersonicflQw.~

.-
-- ——

Thefirstindicationofpossibleincreasesinlift-curveslope ~.
throughtheuseofa thicktrailingedgeat supersonicvelocitieswas
givenby thecalculationsandexperimentsofBusmannandWalchner

.—

(reference1). Thesecalculationshavebeenelaboratedinreference2,
andpartiallyverifiedby theexperimentsofthatinvestigationwhich
showedinonecasea l’i’-percent-higherlift-curveslopefora 10-percent-

---

thickblunt-trailing-edgewingthanfora sharp-trailing-edgewingof
equalthickness.Subsequentexperimentalinvestigationsofliftcharac-. -

.=

teristicsatmoderatesupersonicvelocitieshavebeenreportedby
JaegerandLutherinreference3 andintherelatedreportofreference4.
Also,dataon theliftcharacteristicsofa wedgeairfoilas comparedto
a double-wedgeairfoilat a Machnumberof 6.86havebeenreportedin

.
fi-

reference5 by McLellan,Bertram,andMoore.

Thepurposesofthisreportare(1)todetermineexperimentallythe ~-

extenttowhichtheoreticalcalculationspredicttheincreaseinlift-
Curveslopeattainableby usinga thicktrailingedgeat supersonicMach
numbersup to 3,and(2)topresentresultsbasedon shock-expansion
calculationsof
atMachnumbers

the-theoreticalincreaseinlift-curveslopeattainable_ -.-z
up to10. Q

—.
A aspectratio

c airfoilchord

()liftcoefficientL
qms

ACL liftcoefficientofblunt-trailing-edgeairfoilminuslift
coefficientof sharp-trailing-edgeairfoilofequalmaximum
thicknessratio

L liftforce

%ariousreportsonblunt”-trailing-edgewings,whichcontaindataon
aerodynamiccharacteristicsotherthanliftat supersonicspeeds,are
listedina bibliographyattheendofthisreport.Reportswhich
deal.withliftat supersonicspeedsarecitedasreferences.

.—
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● h trailing-edgethichess

M Machnumber.

P staticpressure

% basepressurecoefficient
?-)

~ dynamicpress~e

Re Reynoldsnumberbasedonwingchordandfree-streemcondition

t maximumairfoilthickness

s tingplan=ormarea

s chordwisedistancefromleadingedgeto firstpositionof
maximumthickness

P x chordwisedistmcefromleadingedge

w Y ordinateof airfoilsurfacemeasuredfromchordline

c)CLA= lift-tiurveslopeofblunt-trailing-edgeairfoilminuslift-
curveslopeof sharp-trailing-edgeairfoil;bothslopes
evaluatedat CL= 0°

a angleof attack

!3 boattailsngle(one-halfthetotalincludedtrailing-edge
angle)

7 ratioof specificheats(1.40forair)

e,A anglesdefiningairfoilshape
(Seefig.2.)

Subscripts

o sharp-trailing-edgeairfoil

m free stream

i b base

.

AL;--....——
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APPARATUSANDTESTPROCEDURE

WindTunnelandBalance

ExperimentswereconductedintheAmes1-by s-footsupersonicwind
tunnelsNo.1 andNo.2. TheNo.1 tunneli’softheclosed-cfrcuit
continuous-operationtype,andtheNo.2 tu-el isoftheblowdowntype.
Bothtunnelsareequi~pedwithflexible-plate.nozzlesforvaryingthe
testMachnumber.Reynoldsnumbervariationis accomplishedby changing
theabsolutepressurelevel.In ordertominimizeeffectsofhumidity
onthesupersonicflow,thespecifichumiditythroughouttheinvestiga- _
tionwasmaintainedat lessthan0:0003poundwatervaporperpoundof
dryair.

Aerodynamicforcesandmomentsactingon eachmodelweremeasuredby “–
meansofa three-componentelectrical-strain-gagebalanceshieldedfrom
theoncomingflowinthemannerindicatedby thephotographsof figure1.
Strain-gagetemperatures,asmeasuredby thermocouplesconnectedto a
recordingpotentiometer,wereusedto correcteachgagereadingforthe
smalltemperatureeffect.

ModelsandSupports

Wingserqployed.forthisinvestigationwel?emadeof steelwithgrougd
andpolishedsurfaces.To simplifytheirconstruction,theywereallof
rectangularpl~ formwithuncamberedairfoilsections.Threeof the
wingsonwhichforcemeasurementsweretakenareshownin thephotographs
of figure1. Thevariouswingsinvestigated,detailsofwhicharegiven
infigure2,weredividedintothreegroupsaccordingto airfoilshape
forwardof thetrailingedge.Wingsofthefirstgroupwereconstructed...V..
withstraightsidesanddifferedprimarilyinmaximumthicknessratio -t/c
andtrailing-edgethicknessratio h/t. (Seefig.2(a).)Thisss.me
groupofwings,terjnedthe“thicknessgroup,”wasemployedinthebase-
pressureinvestigationofreference6,andmostof thepresentdatafor
thesewingswereobtainedsimultaneouslywiththebasepressuredataof
thatreference.Thesecondgroupofwings,profile6ofwhichareshown
infigure2(b),alsowereconstructedwithstraightsides.Wingsofthis
group,termedthe“boattailgroup,”differedprimarilyinboattailangle
(one-halfthetrailing-edge-e ),andwereemployedintheinvestiga-
tionofreference6. Thethirdgroupof.win& profilesofwhichsre
giveninfigure2(c),wereconstructedwithcircular-arcairfoilsections.
Wingsofthisgroup,termedthe“circulu-arc
theinvestigationofreference2.

=.-=4

group,‘i wereemployedin

..=._

. —.
.... ..
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All_wings
photographsof

5

testedweresupportedfromtherearas shownby the
figure1. Asymmetricstings(fig.l(c))werepermanently

attachedto thewingswithcircular-arccontoursat an initialangleof
incidenceof 4.5°,which,togetherwiththe+5.5°anglerange ofthe
balance,provideda rangeofnominalanglesof attackfrom-1°to +lOO.
Thenominalsngle-of-attackrsageforthewingswithstraightsideswas
*5.5°,as thesewingsweretestedwiththesymmetricalbodysupportsand
stingsupports(figs.l(a)andl(b)).

TestMethodsandReductionofData

OvermostofthersmgeofReynoldsnumbersinvestigatedin the
presenttests,laminarflowwasexpectedovertheentiresurfaceof a
smoothwing. Thisexpectationwasverifiedby theChina-claytechnique
as showninreference6. Hence,in orderto simulatethecaseof a tur-
bulentboundarylayerovertherearportionofthechord,itwasneces-
saryto adda boundary-layertripto thewingsurfaces.Severaldiffer-
enttypesoftripwereusedforthispurpose.On thewingswith
circular-arcairfoilsa cottonthreadofapproximately0.C06-inch

.-

diameterwascementedspanwisetoboththeupperandlowersurfacesat
approximatelythe20-percent-chordposition.Onthewingswithstraight
sides,whichhada longerchord,itwasfoundsufficientandmorecon-
venientto use eithera 0.005-inchwireor a bandof lampblack.
Figurel(a)showsa wingof thethlclmessgroupwiththewiretrip
attached.Theexistenceof turbulentboundarylayerswiththevarious
typesof roughnesswasconfirmedby theafore-mentionedChina-clay
technique.(Seereference6.)

Anglesof attackweredeterminedlyaddingto thenominalangleof
attacka deflectionallowanceas calculatedfromthemeasuredforcesand
momentsandthepredeterminedelasticconstants.Pressuredatarequired
fortheevaluationofReynoldsnumber,lacaldynsmicpressure,andthe
balance-chamber-pressurecorrectionwereobtainedbymesnsof a multiple-
tubemercurymanometer.Machrnmiberwasdeterminedfromtunnelsurveys
madebeforethewingswereinstalled.

Forcemeasurementsweretakenin1° incrementsfromsmallnegative
anglesofattackto thehighestpositiveanglesprovided.A typicalset

—

ofliftcurvessoobtainedis showninfigure3. Theseparticulardata
arefor10-percent-thickairfoilsof thecircular-arcgroupofwingswith
smoothsurfaces.Itmaybe notedthatextrapolationof theliftcurves
wouldindicateintersectionat a pointbelowandto theleftof theorigin.
Thisis causedby thetunnelstreamangleandby theaerodynamictare
forcesactingon theasymmetricstings.A numericalvaluefortheslope
of eachexperimentallydeterminedliftcurvewascomputedby themethod
ofleastsquaresemployingonlythelinearportionof thecurve.All
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measureddatahavebeenconvertedtotheformofa fractionalincrease
.

inlift-curvesloperelativetothe
trailing-edgewingofeachfamily.

lift-curveslopeofthebasicsharp-
Thus

dCL
()
dCL

—.
da ZO (1)

dCL
)(x o

—
.

wherethesubscripto designatesthebasicsharp-trailing-edgewing —

hatingthesamethicknessratioas theblunt-trailing-edgewingand —
testedwiththessmesupport,inthesamestream,andatthesameposi-

—

tioninthetestsection.Thestingtareforcesandthedifferencesin
——

liftcurveswerenotlarge.Itwasunnecessaryto applycorrectionsfor
tareforces,or forthesmallv=iattonsin streamangleexistinginthe
testsection,inasmuchasallsubsequentdataarepresentedinthe
incrementalformindicatedby theaboveequation.Absolutevaluesof --
dCL

()
dCL

~ and x~ arenotpresented,as suchquantitiesareaffected
3

appreciablyby su~porttaresandstream-anglevariations. *

THEORETICALCALCULATIONS

As a basisof comparisonforexperimentalresultsatmoderate
supersonicMachnumbers(say$between1.5and3),calculationsusing
eithersecond-orderairfoiltheoryor shock-e~ansimtheorycanbe
mnployed. If second-ordertheoryisemployed,thefractionalincrease
inlift-curveslopeforanyprofileis (seereferences1 and2)

()dCL“A—
da

~[ 1

.Q (7+l)l&4-4(K2 - 1)
L c 4(W2 - 1)3/2

ZO

(2)

Inderivingthisequation,theliftforcecontributedby thepressureact- .
ing onthebasehasbeenneglected.Ifthebasefor$ewereconsidered,an

fi/4c wouldappearontherightsideofadditionalterm ~h ~=
equation(2). Forfullbluntairfoilsof10-percent-thiclnaessratio,
forexample,themaximumrelativecontribution..ofbasepressuretothe
totalliftforceemountstoabout1 percent.In this case,1 percentof

—

(-)/(~~,
.f.

thetotalliftcorrespondsto about7 percentof A
.
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whichis somewhatlessthantheexpertientalaccuracy.Inasmuchasthe
contributionofbasepressureto liftis lessforthinnerairfoils,and
alsoapproacheszeroathighsupersonicMachnunbers,it isneglected
throughoutthisreport.

,
InmakingtheoreticalliftcalculationsforMachnuibersaboveabout3

wheresecond-ordertheoryno longerprovidesan accurateapproximation,
shock-expansiontheorycanbe ~loyed althoughit leadsto twocomplica-
tions.First,thelift-curveslopedependsnotonlyon ~ andh/c,but
alsoon theentireshapeof theprofileforwardof thetrailingedgej

henceno simpleanalyticalformulafor A
c~)l(~)o c~be

exhibited,andnumericalcomputationshavetobe madeforeachairfoil
at eachMachnumber.Second,theliftcurves=e nonlinear,thereby
introducingadditionaldependenceon a. As wouldbe expected,however,
thisnonlinearityintroducedbyshock-eqpnsiontheoryisnegligibleat
moderatesupersonicMachnumbers,butcanbe importantathypersonic
Machnumbers.Consequently,thequantityAC~C~ isusedlateras a

blunttrailing

sharptrailing
—

a

basisof comparisonforhypersonicMachnumbersratherthan

coincide,of course,ifthelift

curves are linesx.

RESULTSANDDISCUSSION

Sincethetheoreticalcalculationsforairfoilsmightnotq?ply
withadequateaccuracyto theplan-formregionswithinthetipMach”
cones,somemeasurementsof lfft-curveslopewereobtainedonwingswith
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constant chordandvaryingspan. Theresults
plottedas a functionof thefractionofwing
Machcones.Forboththethicknessgroupand

NACARM A52D17

E

are showninfigure4
areablanketedby thetip
circular-arcgroupof .

airfoils,theeffectof aspectratio-(sl-~eofvariouscurvesinfig.4)
onthefractionalincreasein lift-curveslopeis appreciable,butis
muchsma12erthanthemaxtiumobservedeffectof airfoilprofileshape
(maximumspacingbetweencurvesinfig.4). Inviewof thisfact,and
thefactthattheareablanketedby tipMachconeswasrelativelysmall -.
formanyof thecasesinvestigated,it isreasonableto comparecalcu-
latedresultsbasedon’two-dimensional-airfoiltheorywithexperimental

—

resultsobtaihedon thefinite-spanwings.

ComparisonoflhcperimentalResultsWithTheoryat
—

ModerateSupersonicMachNumbers
—

In figure5 thevariousexperimentalvaluesof A (g/(Xz!Jo

arecomparedwiththevaluescalculatedfrombothsecond-orderand
shock-e~ansiontheory.zIt is seenthatinallcases

A(g)/(g). ispositive,indicatingthattheblunt-trailing-edge

wingshadhigherlift-curveslopesthanthecorrespondingsharp-traiH.ng-
edgewings.Theresultsinfigures5(a)j5(b),and5(c),whichwere
obtainedwiththebody”supportatMachnumbersof 1.5,1.9,and3.1,
respectively,Indicatethatthefractionalincreaseinlift-curveslope
ispredictedreasonablyveilby shock-expansiontheory.Thevalues

of A~~~@o increasesomewhatas theMachmniberincreases.

Theresultsinfigure5(d),whichwereobtainedwiththestingsupport
at a Machnumberof 2.0,alsoagreeapproximatelywiththetheoretical
calculations,althoughinthisfiguretheshock-expansiontheoryappears
nobetterthansecond-ordertheory.!l%dsinconsistencyisnotneces-
sarilydueto thedifferentsupports,sincethedifferencebetweenthe
dataof figures5(b)and5(d)is of thesameorderofmagnitudeas the
estimatedexperimentaluncertainty.

%he calculationsemployingshock-expansiontheoryactuallyrepresent
ACL/C~ at a = 5° ratherth~ A(dCL/d~)/(dCL/da)oat ~= OO. me
differencebetweenthesetwo‘quantities,however,isnegligible,forthe
Machnumberrangeof theexperimentsinasmuchas theliftcurves in
thisrangearepracticallylinear.

-.

..

___

m,.

.

_— ,-.

*-’ “,’
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e fy( )dcL
Infigure5(e)~erimentalvaluesof A — areyre-

du ZO
sentedforwingsof theboattailgroup,where dCL againcorresponds

z
to thedoublysymmetricdotilewedgeof thessmethi&ess. Although
theboattailsingleof thesewingsvariesfromO0 to 20°,no systematic

consequently,lmattailangles-arenotdesignatedinfigure5(e). Again
theresultsappeartobe inreasotileagreementwithsecond-order
theory.Calculationsbasedon shock-e~ansiontheorywerenotmadefor
this&JrOtQOfW’@+.

It istobe notedthatthetaggedsymbolsin figure~,whichrepre-
sentwingswitha boundary-layertrip,do notdiffersignificantlyfrom
theotherdatashowninfigures5(a)to 5(e). Thisindicatesthatthe
transitionfromlaminarto turbulentflowon wingsof thethicknessand

,,

boattailgroupsdoesnotmateriallyaffectA
(%)/(%. ● ‘Uch‘s

.
notthecase,however,forwingsof thecircular-arcgroupat & = 1.5,
as is illustratedinfigure5(f).● Thefractionalincreaseinlift-curve
slopeforthecircular-arcgroupismuchgreaterforsmoothwingsthan
forwingsonwhicha boundary-layertriphasbeenapplied.An exami-
nationofthebasicdatarevealedthatthisdifferencecanbe attributed
to anwusua~y lowvalueof (dCL/da)oforthesmoothsharp-trailing-
edgewing(biconvexsection),ratherthanto anyunusuallyhighvalues
of dCL/dafOrthesmoothblunt-trailing-edgewings.A lowvalueof
(dCL/da)oforthe10-percent-thickbiconvexairfoilmightbe expected
inviewof itssizabletrailing-edgeangle(approximately22.80),,and@
viewofthefactthattheReynoldsnu.uherof thetestresultspresented
infigure5(f)isrelativelylow.

HypersonicMachNumbers

Therelativeliftof a wedgeprofilecomparedto a symmetricdouble-
wedgeprofileis shownin figure6 as a functionofMachnumberfor
thicknessratiosof 5 amd10percent.Thetheoreticalcurvesof
N!~C~ extendto a Machnumberof 10andwerecomputedby shock-
expansiontheory.It is seenthatfor t/c= 0.05 thecurvesrepre-
sentinga = 5°anda= 10° arequiteclosetogether.Thisisa conse-

7 quenceof thefactthattheliftcurvesarenearlylinearovertheMach
numberrangeshown.However,italsoisapparentfromfigure6 thatfor
t~c= 0.10 thecurvesrepresentinga = 5° anda = 10° beginto diverge.

—

.—

,, ...
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.
atMachnumbersaboveabout6, indicatingthattheliftcurvesare
becomingsignificantlynonlinear.Inviewof thisdivergenceabove
&~6fort/c= 0.10,it istobe expectedonthebasisofthehyper-
sonicsimilarityrulethatthecurvesfor t/c= 0.07wouldbeginto
divergeabove &5j12.

At Machnumbersnear10,figure6 showsthattherelativeIncrease
in CL at a * 10° Isappreciablygreaterthanat a = 5° forthe
10-percent-thickairfoils.Thistrendis consistentwiththetrendthat
wouldbe expectedat thelimitas M= approachesinfinity,asmaybe
deducedfromthereasoningwhichfollows.At thislimit,thesurface-.
pressureon thinairfoilsisapproximatelyproportionalto thesquare
of thelocalangle
Sincethepressure
it followsthatat

-— ---
of inclinationrelativeto thefree-streamdirection.
on anyelementof surfacefacingdownstreamis zero,
a.oo

and,hence,forairfoilsof equalmaximumthiclmess,
‘(~)/(%o

approacheszeroas Mm approachesinf%ity,irrespectiveof thetrailing-
e-dgethicknessor shapeoftheprofile.On theotherhand,thecorre-

spondingvaluesofboth A
(%)/(%)0 =d NL/C~ at a finiteangle

arenotzero.Forexample,themaximumvalueof AC!L/C~fora wedge
airfoilconrparedto a double-wedgeairfoilof equalthicknessratiois
easilycalculatedfromelementarycalculustobe about0.25. Forthin
airfoilsthismaximumvalueis independentof thethicknessratioof the
twoairfoils,andoccursat an angleofattackaPProx~telY4.5t~es
thesemileading-edgeangleof thewedgeairfoil.Therfore,atveryhigh

supersonicMachnumbersitwouldbe expectedthat A
&)/(% at

a= 0°wouldbe small,andthat ACL/C~ wouldincreaseas’a increases
untila maximum(smnewhatlessthan0.25)isreached.As previously
mentioned,sucha trendisconsistentwtththatindicatedinfigure6.

In figure7 theoreticalcurvesof ACL/C~ at u = 5° areshown
as a functionofMachnumberfortwotypesofairfoils,each5 percent
thick.Alsoshownforcomparisonisan expertientalpointwiththe
correspondingrangeofuncertaintyfor ~ = 6.86(reference5). The
datapointsrepreseutlngthepresentexpertientsatmoderatesupersonic— —

MachnumbersactuallyrepresetiA (?)/f$~,i:::::; ~:h
numberrangetheliftcurvesup to a = 5° two

.

.

quantitiesaresubstsntially~~ual.It is seen thatthedifference

~
—.-. -_._—_
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.
betweenthecurves,onerepresentingcircular-arcairfoilsandtheother
straight-lineairfoils,isrelativelysmall.Also,it isevidentthat
theexperimentaldata(exceptforthoserepresentinglaminarflowover
circular-arcsections)areinreasonableagreementwiththetheoretical
curves.

The
moderate
accur,acy

CONCLUDINGREMARKS

effectoftrailing-edge
supersonicMachnunibers
by thefoil.owingsimple

thicknesson thelift-curveslope
maybe estimatedwithengineering
formula:

at

.-l

Thisempiricalrelationwasobtainedby plottingalldataforwings
withboundary-layertripson a single&aph using h/c as theabscissa.

. (Seefig.8.) Thisempiricalequation,whichequallywellfitsthemass
of dataforsmoothwings,representsa firstapproximationapplicableto
rectangular-plan-formwingsof aspectratiogreaterthanabout1, endat
Machnumbersbetweenabout1.5and3.1. Thescatterof alldatais such
thatthemeanabsolutedeviationof AllL/CLfromtheempiricalformula
is about0.014.If a betterapproximation!s desiredformoderatesuper-
sonicMachnumbers,themorecomplicatedshock-expansiontheorycanbe
employed.

At hypersonicMachnumberstheliftincrementofblunt-trailing-
edgeairfoilsrelativeto correspondingsharp-trailing-edgeairfoilsis
considerablylargerthanthatgivenby theaboveempiricalequationwhich
appliesonlyatmoderatesupersonicMachnumbers.Dueto nonlinearities
intheliftcurvesat highsupersonicvelocities,ACL/C

%
depends

appreciablyon theangleof attackandprofileshapeupsreamof the
trailingedge,aswellas onthetrailing-edgethickness.Thetheo-
retical.calculationsbasedon shock-expansiontheoryindicate,for
example,thatatMachnunibersbetween7 andinfinity,a 5-percent-thick
fullbluntairfoilwouldyieldbetweenabout15-and25-percent-greater
liftthana corresponding5-percent-thicksharp-trailing-edgeairfoil.
Thisincreasein liftis largeenoughsothatitmaybe of considerable
practicalsignificancein certaincases.

* AmesAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Calif.
a ...-
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(a)Wingof thicknessgroupmountedcmbodysupport.

—
..

.. ..

—

(b)Wingof thiclmessgroupmountedon stingsuyport.

-.
.-=

(c)Wingof circular-arcgroupmountedonasymmetricstingsupport.

Figure1.-Photogra@softypicalmodelinstallations.
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Figure2.- Concluded ~
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Figure 3.- Typicallift curvesfor smoothw~ngsof the circular-urc

group;t/c= O.10,A=4, M; 2.0, Re=0.55xIO=.
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Figure 4.- Frocfionolincreoseinlift-curve slopefor smoothwingsof
voriousospecfratio. =E9=’
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Figure 5.- Ef feet of truillng-eo’gethicknesson frucilonol increosein
lift-curve slope. I
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Figure 5.- Concluded.
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